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Exclusion d'anévrysmes cérébraux par Angio-CT d'après le motif 
d'hémorragie sous-arachnoïdienne : une étude rétrospective 
Contexte : Identifier les patients avec une hémorragie sous-arachnoïdienne 
spontanée chez qui l'angio-CT suffit pour exclure des anévrysmes rompus. 
Méthodes : Une étude rétrospective a été effectuée de tous les patients avec une 
hémorragie sous-arachnoïdienne qui ont eu un angio-CT ainsi qu'une angiographie 
par cathéter dans le but d'exclure un anévrysme. Les cas négatifs de l'angio-CT 
(sans anévrysmes) ont été classés d'après leur schéma hémorragique au CT dans 
les catégories suivantes : « anévrysmale », « périmésencéphalique » puis« sans 
hémorragie ». 
Résultats : Deux-cent-quarante-et-un patients ont été inclus. Une sensibilité de 
96.4% et une spécificité de 96.0% ont été observée pour l'exclusion d'anévrysmes 
par l'angio-CT. Parmi les 78 cas négatifs de l'angio-CT, chacun des 35 cas avec un 
motif hémorragique périmésencéphalique ou sans hémorragie au CT n'ont pas eu 
d'anévrysmes démontrés à l'angiographie par cathéter. 
Conclusions: L'angio-CT est fiable pour exclure les anévrysmes rompus lorsqu'un 
motif hémorragique périmésencéphalique ou pas d'hémorragie sont visibles au CT à 
une semaine depuis le début des symptômes. 
Kelliny et al. BMC Neuro/ogy 2011, 11 :8 
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Cerebral aneurysm exclusion by CT angiography 
based on subarachnoid hemorrhage pattern: 
a retrospective study 
Marc Kelliny1, Philippe Maeder1, Stefano Binaghi 1, Marc Levivier2, Luca Regli3, Reto Meuli1* 
Abstract 
Background: To identify patients with spontaneous subarachnoid hemorrhage for whom CT angiography alone 
can exclude ruptured aneurysms. 
Methods: An observational retrospective review was carried out of ail consecutive patients with non-traumatic 
subarachnoid hemorrhage who underwent both CT angiography and catheter angiography to exclude an 
aneurysm. CT angiography negative cases (no aneurysm) were classified according to their CT hemorrhage pattern 
as "aneurismal", "perimesencephalic" or as "no-hemorrhage." 
Results: Two hundred and forty-one patients were included. A CT angiography aneurysm detection sensitivity and 
specificity of 96.4% and 96.0% were observed. Ali 35 cases of perimesencephalic or no-hemorrhage out of 78 CT 
angiography negatives also had negative angiography findings. 
Conclusions: CT angiography is self-reliant to exclude ruptured aneurysms when either a perimesencephalic 
hemorrhage or no-hemorrhage pattern is identified on the CT within a week of symptom onset. 
Background 
Spontaneous subarachnoid hemorrhage (SAH) is a sub-
type of hemorrhagic stroke with an extremely poor 
prognosis. Eighty-five percent of non-traumatic SAHs 
are caused by ruptured intracranial aneurysms. Ten per-
cent fit into the non-aneurismal perimesencephalic 
hemorrhage (PMH) pattern, whose etiology remains 
debated. The final five percent are usually due to various 
rare causes, such as arteriovenous malformations [1]. 
When the CT is positive for subarachnoid blood, the 
combination of digital subtraction angiography (DSA) 
with 3D rotational angiography (3DRA) has been and is 
still considered the gold standard [2-6]. Meanwhile, CT 
angiography ( CT A) has improved to a sensitivity of 
about 95% for detecting ruptured aneurysms, when 
compared to DSA [7-9]. Thus, in many centers, patients 
with SAH undergo CT A first which is often the basis 
for an endovascular or neurosurgical approach [10-12]. 
In any case, DSA remains a relatively riskier procedure 
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than CT A. In patients with coiled intracranial aneur-
ysms, the complication rate of routine angiographie sur-
veillance is 0.43% [13] and that of general diagnostic 
angiography in an academic center has a complication 
rate of 0.3% [14]. 
The sensitivity of the head CT for detecting SAH is 
usually around 95% the first day after SAH, then gradu-
ally drops to around 58% on the fifth day [2,15-18]. The 
sensitivity of the head CT diminishes with less signifi-
cant hemorrhage. This decreased sensitivity with time is 
assumed to be due to the resorption of blood during the 
renewal of cerebrospinal fluid several times a day. 
Non-aneurismal perimesencephalic hemorrhage 
Non-aneurismal PMH has a good clinical outcome 
besides a low risk of re-bleeding and vasospasm. It com-
prises 96% of all PMHs [2,19-24]. The remaining 4% are 
due to vertebrobasilar aneurysms [23,25-27]. Non-aneur-
ismal PMH is defined by a normal four-vessel high qual-
ity digital subtraction angiogram [19,28,29] combined 
with the following distribution of blood in the subarach-
noid space: 
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1. The center of the hemorrhage is immediately 
anterior to the midbrain or the pons [19,29-31]. Var-
iants of PMH occur in the basal cisterns around the 
midbrain: interpeduncular, crural, ambient, quadri-
geminal, [19,29,32,33] prepontine and carotid cis-
terns [34]. 
2. Bleeding may extend up to the posterior part of 
the interhemispheric fissure and the basal part of the 
Sylvian fissure. 
3. There is no intraparenchymal hematoma or frank 
intraventricular hemorrhage [19,29,32], although the 
presence of a small amount of sedimented blood in 
the occipital horns is acceptable. 
Although non-aneurismal PMH and aneurismal 
hemorrhages may look alike on the CT, the clinical pre-
sentation of the first is milder with patients fully con-
scious or slightly disoriented. The rupture of a vein in 
the prepontine or interpeduncular cisterns seems to be 
the bleeding source of non-aneurismal PMH [35]. 
In patients with a benign clinical presentation and a 
PMH, the probability of finding a ruptured aneurysm 
varies between 2.5 and 8.9% [19,23,27,36,37]. Given this 
probability versus the clinical risks of DSA, adding DSA 
to a high quality CT A to exclude a ruptured aneurysm 
is increasingly debated [38]. 
Purpose of the study 
This study aims to identify when a ruptured aneurysm 
can be excluded by CT A, thereby avoiding catheter 
angiography. 
Methods 
This is an observational retrospective study of all conse-
cutive 241 adult patients who underwent both techni-
cally adequate catheter angiography and CT A for a 
suspicion of a ruptured aneurysm at a tertiary referral 
center, from January lst 1998 to December 31st 2007. 
SAH was diagnosed by non-contrast CT or lumbar 
puncture. Arteriovenous malformations, tumors, caver-
nomas, infections, and trauma were excluded. Based on 
the final diagnosis established by conventional angiogra-
phy or peroperatively, 166 patients had a bleeding 
aneurysm. The study, having been conducted according 
Table 1 Specifications of CT scanners from 1998 to 2007 
Period CT scanner specifications 
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to the lnstitutional Ethical Committee's recommenda-
tions, was therefore deemed exempt of requiring its 
explicit approval. 
lmaging protocols 
The CTA exams were performed based on a customized 
protocol for each CT (General Electric Healthcare, Mil-
waukee, Wisconsin). Table 1 shows the dates of the dif-
ferent CT upgrades. A timed test injection was used to 
determine the optimal timing of the CT A data acquisi-
tion. It consisted of a single 5 to 10 mm-thick slice (80 
kVp/100 mA) positioned at the top of the frontal 
sinuses, acquired in a cine mode at a rate of one image 
every 2 s during intravenous administration of 20 mL of 
iodinated contrast material (2.36 mol/L {300 mg/mL} 
iodine) followed by 40 mL of water. The injection rate 
was 4-5 mL/s into an antecubital vein by means of a 
power injector, with a 10 s delay between the injection 
and the onset of data acquisition. 
The CT A data acquisition was performed in a spiral 
mode according to the typical parameters defined in 
table 2. A caudocranial scanning direction was selected, 
covering the volume extending from the plane situated 
10 mm below the foramen magnum to the roof of the 
lateral ventricles. The injected volume was 50 mL with 
an injection rate of 4-5 mL/s followed by 40 mL of 
water. 
Every patient underwent four-vesse! DSA via a transfe-
moral intra-arterial approach with multiple projections. 
3DRA was clone whenever deemed necessary, mainly to 
improve aneurysm preoperative planning [ 6]. 
Review process 
The review of the CT A and the initial reading were per-
formed on a workstation (Advantage Windows, General 
Electric Healthcare, Milwaukee, Wisconsin) to allow 
interactive reconstruction and interpretation, which has 
proved to be more accurate than an isolated review of 
hard-copy images [39]. Axial raw images, multiplanar 
2D reconstructions, maximum intensity projection 
reconstructions, and shaded surface display reconstruc-
tions with volume rendering technique were used for 
CTA review. Then, two experienced neuroradiologists 
blinded to the CT report and the DSA findings, 
Number of cases per scanner 
1998 - November 1999 GE Highspeed Advantage CT/i 1 detector row 39 
December 1999 - April 2002 GE Lightspeed QX/i 4 detector rows 60 
May 2002 - November 2002 GE Lightspeed ultra 8 detector rows 12 
December 2002 - November 2005 GE Lightspeed 16 advantage 16 detector rows 93 
December 2005 - December 2007 GE VCT 64 detector rows 37 
GE: General Electric 
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Table 2 Typical acquisition parameters of the CT scanners 
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Detector rows Rotation speed (s) Pitch Detector collimation (mm) Reconstruction interval (mm) KVp mA 
1.0 1.5 1.0 
4 0.8 0.75 1.25 
8 0.8 0.675 1.25 
16 0.5 1.375 0.625 
64 0.6 0.516 0.625 
independently examined the CT A of the false negative 
and positive cases. 
Subsequently, the bleeding patterns of all CT A nega-
tive patients (true and false negatives) were classified as: 
perimesencephalic, aneurismal, or no visible SAH 
(xanthochromic lumbar puncture). This classification 
was based on the admission CT and the PMH definition 
from this article's introduction. The time between symp-
tom onset and CT was calculated for the categories of 
PMH and no visible SAH. 
Data analysis 
A resident supervised by neuroradiologists read the 
CT A first and wrote the radiological report. With 
respect to the catheter angiography result, as the gold 
standard, each case was classified with respect to the 
presence of an aneurysm as true positive, true negative, 
false positive, or false negative. The sensitivity and speci-
ficity, as well as the positive and negative predictive 
values regarding the detection of intracranial aneurysms, 
were calculated based on the values in table 3. The sen-
sitivity was calculated with the formula True Positives/ 
(True Positives + False Negatives), i.e. 160/(160+6) 
before review, 164/(164+2) after. The specificity was cal-
culated with the formula True Negatives/(True Nega-
tives + False Positives), i.e. 72/(72+3) before review, 75/ 
(75+0) for the first reviewer and 74/(74+1) for the 
second. 
Results 
The study sample consisted of 241 patients (105 male 
and 136 female) with SAH aged 20 to 86 years (mean 
50.3, SD 14.2). Catheter angiographies were performed 
on average one day after the CTA (max. 13 days). 
Table 3 displays the numbers and percentages of true 
Table 3 Results of CT angiography (CTA) vs. conventional 
angiography regarding the presence of an aneurysm 
Catheter Angiography 
Aneurysm + No Aneurysm -
CTA Aneurysm + (%) 160 (66.3) 3 (1.2) 
True Positives False Positives 
No Aneurysm -(%) 6 (2.5) 72 (30.0) 
False Negatives True Negatives 
0.5 120 240-280 
0.8 120 240-280 
0.75 120 240-280 
0.5 120 240-280 
0.5 100 300-320 
positive, true negative, false positive and false negative 
cases with respect to the presence of an aneurysm. 
Table 4 shows the negative CT A cases correlated with 
their respective hemorrhage pattern. 
Clinical presentations of the negative CTA cases 
All of the patients with a perimesencephalic hemorrhage 
pattern presented in excellent clinical grade with a Glas-
gow Coma Scale (GCS) score of 15 and thus with a World 
Federation of Neurosurgeons (WFNS) classification score 
of 1. Their average hospital stay was 5 ± 3 days. Out of the 
16 cases with a no-hemorrhage pattern, 13 had a GCS 
score of 15 and a WFNS score of 1, two had GCS scores 
of 13-14 and WFNS scores of 3-2 respectively. This data 
was unavailable for the last. The average hospital stay of 
patients with a no-hemorrhage pattern was 4 ± 3 days. 
Forty-one of the 43 patients with an aneurismal pattern 
had GCS scores of 12-15 and WFNS scores of 1-4. One 
patient had a GCS score of 3 and a WFNS score of 5. This 
data was unavailable for the last. The average hospital stay 
of patients with an aneurismal pattern was 14 ± 6 days. 
There were 6 cases in which an aneurysm was missed 
in their original CT A readings, but each one had an 
aneurismal hemorrhage pattern. All 35 patients with 
either a PMH or no-hemorrhage pattern on the initial 
CT had negative findings on DSA, confirming the nega-
tive CT As. Therefore, this sample showed a 100% nega-
tive predictive value of CTA. Thirty-three (94%) of these 
35 patients had follow-up imaging. Thirty-one under-
went repeat delayed DSA and two Magnetic Resonance 
Angiography. The last two patient's detailed neurological 
exams were asymptomatic at four months for one and 
six for the other, after the SAH. 
When the blinded neuroradiologists reread the origi-
nal CT As of the false positive and false negative cases at 
a later date, each identified 4/6 previously missed aneur-
ysms. The fint neuroradiologist corrected all false posi-
tive -cases and the second 2/3. Before review, the 
sensitivity and specificity were 96.4% and 96.0% respec-
tively. Both reviewers demonstrated a 98.8% sensitivity. 
The first had a 100% specificity and the second 98.7%. 
In this study, for the PMH patterns, the time from 
symptom onset to CT /CT A was between 1.3 hours 
and 7 days (median 19.5 hours, 3/19 cases over 48 
hours) and between 2 hours and 12 days (median 25.5 
KellinY et al. BMC Neuro/ogy 2011, 11 :8 
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Table 4 Negative CT angiography (CTA) cases 
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Initial CT Hemorrhage Pattern of 
Negative CTA Cases 
Aneurysm Found on Catheter 
Angiography (CTA False Negatives) 
No Aneurysm Found on Catheter 
Angiography (CTA True Negatives) 
Negative 
Predictive 
Value 
Aneurismal 6 37 84.1% 
Perimesencephalic 0 19 100% 
No hemorrhage 0 16 100% 
Distribution based on the initial CT and negative predictive values of the different hemorrhage groups. 
hours, 7 /16 cases over 48 hours) when no hemorrhage 
was seen. 
False negatives and false positives 
Out of 6 false negatives, one aneurysm was missed by all 
neuroradiologists on the CTA (16-slices). It was on the 
posterior communicating artery, adjacent to the skull 
bone. This aneurysm was thus misinterpreted as being 
part of the sphenoid bone due to the similar density of 
the injected contrast agent and bone (see figure 1). DSA 
combined with 3DRA is an imperfect gold standard as 
illustrated by another case [40]. The aneurysm was 
found only by the third catheter angiogram, 18 days 
after the bleeding, whereas a reviewer recognized it on 
the CT A. lt was partially thrombosed and located on 
the middle cerebral artery. Only one of the reviewers 
Figure 1 Missed aneurysm. Aneurysm missed by each 
neuroradiologist on the CT Angiography (CTA). a Non-contrast CT 
displaying the aneurismal SAH pattern. b CTA showing the posterior 
communicating aneurysm (arrow). c 30 reconstruction of the CTA 
showing the aneurysm filled with contrast material, appearing to be 
continuous with the sphenoid bone (arrow). d Angiogram of the 
same 3 mm aneurysm on the posterior communicating artery 
(arrow). 
missed a third aneurysm, found on the left middle cere-
bral artery (16-slices). The last three false negatives were 
not identified on the initial CT A reading, but detected 
later by both reviewers. They were found on: the left 
anterior cerebral artery (16-slice CT), the right anterior 
inferior cerebellar artery (16-slice CT) and the left inter-
na! carotid artery (64-slice CT). 
The false positives had either no hemorrhage visible 
on the initial CT (2/3) or an aneurismal hemorrhage 
pattern. 
Discussion 
Thirty-one percent of the patients in this study sample 
did not have a ruptured aneurysm (19% had an aneuris-
mal pattern, 8% had a PMH pattern, and 7% had no-
hemorrhage). This distribution into different SAH cate-
gories is comparable to that of Little et al 2007. That 
sample consisted of 23% without a ruptured aneurysm 
on the initial catheter angiography (16% had an aneuris-
mal pattern, 4% had a PMH pattern, and 3% had no-
hemorrhage) [40]. 
The present study's sensitivity and specificity are simi-
lar to others. A blinded review of false negative and 
positive cases corrected at least two thirds of them, thus 
showing its importance. A second reading proved useful 
in cases with an aneurismal hemorrhage pattern since 
errors happened only then. 
The negative predictive value of CT A varied depend-
ing on whether the non-contrast CT showed an aneuris-
mal hemorrhage pattern, a PMH pattern or a no-
hemorrhage pattern. When the non-contrast CT dis-
played a PMH or no-hemorrhage pattern, the CTA 
negative predictive value and sensitivity were both 100% 
with respect to 3DRA. This implied that in these cases, 
CTA was as good as 3DRA to exclude an aneurysm. 
Hence, CT A could have been used as the sole diagnostic 
imagihg technique with its lower risks and costs and 
with greater facility of access (while the patient was still 
in the CT scanner). 
First of all, Agid et al [41] retrospectively evaluated 
193 CT As with negative findings performed for SAH. 
Of these patients, 68 had a diffuse aneurismal or periph-
eral sulcal pattern, 93 had PMH and 32 had no blood 
on CT. AU patients with PMH and with no blood on 
~KellinY et al. BMC Neurology 2011, 11:8 
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CT did not have an aneurysm detected by DSA. They 
concluded that in patients with SAH, negative CT A 
findings are reliable in ruling out aneurysms in the 
pMH pattern or no blood on CT. DSA is indicated in 
the diffuse aneurismal pattern of SAH, and repeat 
delayed DSA is required if the initial DSA findings are 
negative. 
Secondly, Kershenovich et al [42] deduced from a ret-
rospective study of 30 patients with negative CT As, 
DSAs and PMH that brain CT A alone is a good and 
conclusive diagnostic tool to rule out aneurysms in 
patients presenting with the classic PMH pattern and 
could thus replace DSA. They also mention 8 patients 
diagnosed with SAH only by LP, where an initially nega-
tive CT A scan would have been sufficient to rule out an 
aneurysm. 
Thirdly, in a series of 60 patients with SAH and nega-
tive CTA results, Westerlaan et al [10] reported 17 with 
a nonperimesencephalic (aneurismal) blood distribution, 
30 with PMH, and 13 without blood on CT. DSA was 
performed in 74% of the patients with PMH and with-
out blood on the initial CT. All were true negatives. In 
the aneurismal blood distribution group, an aneurysm 
was found in 5 (29%) patients, including 1 aneurysm 
seen only on DSA. 
Ruigrok et al's [38] sensitivity analysis to evaluate the 
effect of different strategies following a PMH pattern 
shows that CT A only is the best diagnostic strategy. A 
fifth study reported a sensitivity, specificity, and negative 
predictive value of 100% for 15 patients with a PMH 
pattern [23]. It concluded that CTA was an adequate 
screening examination for vertebrobasilar aneurysms. 
Pooling the results of these five studies with ours adds 
up to 187 patients with PMH and 69 patients with no-
hemorrhage on CT in five different countries. These 
demonstrate with greater confidence the reliability of 
CT A as the sole imaging diagnostic tool in the context 
of a PMH or no blood on CT. 
Furthermore, this study verifies the dependability of 
CT A in patients with PMH or no blood on CT, even in 
the face of the latest gold standard, 3DRA and follow-up 
imaging (94% of our cases). Besides, it adds more 
patients in a real life clinical setting, for a condition 
with a low incidence. 
The variability in time between symptom onset and 
CT (1.3 hours to 12 days) may have changed the cate-
gory of certain cases from an aneurismal hemorrhage 
pattern to no visible hemorrhage, due to blood resorp-
tion with time. This did not affect the present study's 
results. Though, applying its conclusions in other set-
tings, an aneurysm could be missed in patients with ori-
ginally an aneurismal hemorrhage pattern who do not 
undergo catheter angiography. Therefore, repetition of 
Page 5 of 6 
this research in several institutions is required to 
explore this point. 
Successive generations of CT with an increased num-
ber of detectors have provided clearer images for 
improved diagnostic comfort according to professional 
experience. Otherwise, no objective improvement in 
accuracy was observed with the evolution of scanners, 
as false negatives were scattered throughout the years 
and models. All the false positives and more false nega-
tives were found when the 16-slice scanner was used, 
for a standardized number of cases. The most likely 
explanation appears to be the difference in pitch 
(table 2) or the contribution of chance as the number of 
misses is small and 38.7% of all cases were done on this 
machine. 
Conclusions 
This study shows that CT angiography is sufficient to 
exclude ruptured aneurysms without catheter angiogra-
phy for patients with a PMH pattern or without any 
hemorrhage on the CT, when done within a week of 
symptom onset. For all other SAH cases, if the CT 
angiogram is negative, catheter angiography is still 
required. 
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